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Abstract-A study is made of the flow of Reiner-Rivlin fluid between two coaxial circular cylinders 
with porous walls in the presence of a uniform radial magnetic field when the inner cylinder rotates 
about its axis with a transient angular velocity and the outer one is at rest. It is shown that the 
velocity is unaffected by the cross-viscosity, but the pressure is alfected by it. Numerical results are 
presented by means of tables. 
Keywords-Hydromagnetic flow, Reiner-Rivlin fluid, Non-Newtonian fluid, Cylindrical geometry. 
1. INTRODUCTION 
In recent years, considerable attention has been given to the study of non-Newtonian fluid flows 
through porous media due to numerous industrial applications. In the theory of non-Newtonian 
fluid flows, different constitutive equations have been developed to describe the behavior of non- 
Newtonian fluids. Reiner [l] and Rivlin [2] proposed one such constitutive equation 
% = -P&j + peij + pLceikekj, (1.1) 
where rij is the stress tensor, eij is the rate of strain tensor, 6ij is the Kronecker symbol, p is the 
coefficient of viscosity and pC is the coefficient of cross-viscosity. 
Bagchi [3] has investigated the rotational motion of the Reiner-Rivlin fluid through a porous 
annulus. He further studied [4] the flow of a Reiner-Rivlin fluid between two coaxial porous 
circular cylinders due to linear oscillation of the inner cylinder. Recently, Sengupta et al. [5] 
considered the problem of unsteady flow of two immiscible viscoelastic Rivlin-Ericksen fluids 
between two inclined porous planes. They have examined both MHD and non-MHD cases. 
Panja and Sengupta [S] h ave studied the flow of Rivlin-Ericksen fluid in a porous rectangular 
duct. 
In the present paper, an attempt is made to study the problem of flow of a Reiner-Rivlin 
fluid between two coaxial circular cylinders with porous walls in the presence of a uniform radial 
magnetic field. The inner cylinder rotates about its axis with a transient angular velocity and the 
outer cylinder is kept fixed. It is assumed that the rate of liquid withdrawn at one wall is always 
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equal to the rate of injection of the liquid at the other wall, and these rates are independent of 
the axial position of the tube. 
2. FORMULATION OF THE PROBLEM 
We consider the flow of an electricity conducting Reiner-Rivlin fluid between two nonconduct- 
ing coaxial circular cylinders with porous walls in the presence of a uniform radial magnetic 
field Bc. Let a be the radius of the inner rotating cylinder and b that of the outer fixed cylinder. 
With the cylindrical polar coordinates (T, 8, z) having z-axis along the common axis of the 
cylinders, we assume u, ~1, w as the components of velocity in the directions of T-,B,z respectively. 
Here w = 0 and all the physical quantities are assumed to be independent of 0 and z. Then the 
equations of motion are given by 
and 
(2.2) 
where p, (T, respectively, are the density, electrical conductivity of the fluid, and k the permeability 
of the medium. 
The equation of continuity is 
g+;=o. (2.3) 
Now, 
= 23 
2u au v 
e 9-T eee = -) - 0. r 
ere=dr-r, erz=eez=ezz-- 
Using (1.1) we then obtain 
7 7-T = -P + wrr + PC (e$ + $0) , 
Tee = -P + wee + PC ($0 + de)  , 
7  ZL = -P, 
rre = p-se + PC (h-e,e + +eeee) , 
Trz = Tez = 0. 
Therefore, with the help of (2.3) and (2.4), equations (2.1) and (2.2) reduce to 
P-4) 
> 
.9{4($)2+(~-;)2] 
++~(;-;)+4~#9~-$}] -Eu (2.5) 
and 
3. SOLUTION OF THE PROBLEM 
(2.6) 
Assuming that the suction rate at one wall is equal to the injection rate at the other wall, we 
find, on using (2.3), 
u - aua - bUb 
T T ’ 
(3.1) 
where u, and ?Q, are the radial velocities at the walls of the inner and outer cylinders, respectively. 
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Substituting for u in (2.6) and assuming ua to be constant, we obtain 
3 
(3.2) 
Putting TJ = rR, it follows from (3.2) that 
where w is the angular velocity of the inner cylinder and v the kinematic viscosity of the fluid. 
Assuming that w = f(r)ewst, equation (3.3) becomes 
.sdZf + (3 - 
dr2 (3.4) 
where R = au,v is the cross-flow Fbaynolds number in a Newtonian fluid and M2 = oBi/p. 
We next assume that the inner cylinder revolves with a transient angular velocity Oeest and 
the outer cylinder remains fixed so that the boundary conditions of the problem are 
f(r) = Q on T = a, (3.5a) 
f(r) = 0 on r = b. (3.5b) 
Now, putting f = rRi2-r . w, we obtain from (3.4) 
which may be written in the form 
T2$ + r$ + { (7n?q2 - n2} w = 0, 
with 
1 77&S-- 
u k’ 
The solution of (3.7) with the boundary conditions (3.5a,b) is obtained as 
w = Ral-R/2. Jn(mr>%(mb) - J?dmb)Y,(mr) 
Jn(ma)Yn(mb) - J,(mb)Y,(ma) 
where n is an integer. When n is not an integer, we obtain the solution as 
w  = Q,~-W. J,(mr)L,(mb) -  Jn(mb)J-n(m-) 
J,(ma)J-,(mb) - J,(mb)J-,(ma) ’ 
(3.7) 
(3.8a,b) 
(3.9) 
(3.10) 
NOW. V= TW = r. fe-st = T. 4312-1,. e-St = e-styRl2. W. Therefore, when n is an integer, we 
have 
v=e -st,R/2aal-R/2. J7t(mr>Y?Z(mb) - Jft(mb>G(mr) 
&(ma)K(mb) - &(mb)K(pa) ’ 
and when n is not an integer we get 
v=e -stTR/2Ral-R/2 JrL(mr)J-?2(mb) - JTI(mb)J-,(mr) 
J,(ma)J-,(mb) - J,(mb)J-,(m) ’ 
(3.11) 
(3.12) 
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With the help of (3.1), equation (2.5) becomes 
( 
a2u2 u2 
p -T3-- r ) 
=~+~c~{~+(~-f)2}-~.~. (3.13) 
Integrating with respect to r yields 
P=Po+P s +&?$-f *aU,logr+fi, {y+(p)2}, (3.14) 
from which, by substitution for w, we can obtain the pressure p as a function of r and t. 
It is interesting to note that the velocity v is independent of the cross-viscosity, but the pressure 
p depends on it. 
4. NUMERICAL CACULATIONS 
We consider a particular fluid for which u = 0.25 and R = 4. Taking a = 1, b = 2, a = 1, 
Ic = l/3, s = 1, the following tables give the velocity v of the fluid for different values of r and t. 
Table 1 gives the velocity for non-MHD flow (i.e., for M = 0) while Table 2 gives the velocity for 
MHD flow with M = 4. 
Table 1. Table for ‘u for different values of r and t when M = 0. 
Table 2. Table for v for different values of r and t when M = 4. 
It follows from Tables 1 and 2 for the distribution of fluid velocity that the velocity is maximum 
on the inner cylinder in the neighborhood of the initial time. Thereafter as time progresses, the 
velocity gradually decreases and attains minimum value after some time, while with the increase 
of radial distance of the fluid element, it is also found that the velocity gradually decreases and 
attains the value zero on the surface of the outer cylinder. Moreover, it is also found that, due to 
the presence of a radial magnetic field, the velocity is sufficiently diminished in comparison with 
the same without any magnetic field. Thus the radial magnetic field is responsible for a decrease 
in the velocity field. 
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